
. , *  

7&k& CHEMICAL CORPORATION 

C-1 ENGINE FINAL REPORT 

Prepared for George C. Marshall Space Flight Center 
Under Contract NAS8-15486 

- c 

I 

0 R E A C T I O N  M O T O R S  -61 
’-. 

DENVILLE. NEW JERSEY 



4 

i '  

I 
I 
i 
I 
I 
I 

7&&4 
REACTION MOTORS DIVISION 

C-1  ENGINE PROGRAM 

QUALIFICATION TEST R E P O R T  

FOR 

BIPROPELLANT AND QUADREDUNDANT VALVES 

FINAL REPORT, RMD 6203-Q2 

VOLUME I 

P repa red  f o r  George C. Marsha l l  Space F l i g h t  Center 
Under Contract NAS8-15486 

17 July 1967 

Approved  byi 

Approved by : 

Approved by: 

N. H. BOROSON 
Supervisor, E n g i n e  Analysis and 

F rog  r a m u a n a g  e r 
e r i n g  O p e r a t i o n  

L. IVC, T'IRCFIMAN 
C-1 i ' r c a r a m  Xanage r  



REACTION MOTORS DIVISION 

STATEMENT O F  QUALITY ASSURANCE 

The tes t s  described in this report were conducted under the control 
of the Quality Assurance Department of Thiokol-RMD. These tes t s  were  
conducted in accordance with Contract End Item Specification ( C P  15166) 
and procedures  mutually agreed upon between NASA and Thiokol Chemical 
Corporation. 

Quality Control Supervisor 
C-1 P rogram 



I " 

1 . 0  
1 . 1  
1 . 2  
1 . 3  
1 . 4  
1 .4 .  1 
1. 4 . 2  

'1. 0 

2 . 0  
2. 1 
2 . 2  
2. 3 
2 . 4  
2 . 5  
2. 6 
2 .7  
2 . 8  
2 . 9  
2 . 9 . 1  
2 . 9 . 2  
2 .10  
2 . 1 1  
2.12 
2.  13 

1 .0  

2.0 
2 . 1  
2 . 2  
2 . 3  

7&&4 
REACTION MOTORS DIV IS ION 

CONTENTS 

VOLUME I 

INTRODUCTION 
P u r p o s e  
C o n t r a c t u a l  C o v e r  age 
Background  
D e s c r i p t i o n  of Valves  
B ip rope l l an t  Valve  
Quadr  edundant  Valve 

PART I 
BIPROPELLANT VALVE 

SUMMARY 

QUALIFICATION TEST PROGRAM 
Accep tance  (4. 5)  
T e m p e r a t u r e  E x t r e m e s  (4 .7 .  17) 
Non-Opera t ing  Vibrat ion (4 .7 .  18. 1) 
O p e r a t i n g  Vibra t ion  (4 .7 .  18 .2)  
A c c e l e r a t i o n  (4.7.  19) 
Shock (4 .7 .20)  
Handling Shock  (4 .7 .2  1)  
Life T e s t  (4 .7 .22)  
P r o p e l l a n t  Compatibi l i ty  
F u e l  Compat ib i l i ty  (4 .7 .25 .  1) 
Ox id ize r  Compatibi l i ty  ( 4 . 7 .  25. 2) 
Vacuum T e s t  (4 .7 .24)  
Electrical In t e r f e rence  (4 .7 .  13)  
F i n a l  P e r f o r m a n c e  (4. 5 .2 )  
B u r s t  (4 .7 .  15) 

PART I1 
QUADREDUNDANT VALVE 

SUMMARY 

QUALIFICATION TEST PROGRAM 
A c c e p t a n c e  (4. 5) 
T e m p e r a t u r e  E x t r e m e s  (4 .7 .  17)  
Non-Opera t ing  Vibrat ion ( 4 . 7 .  18. 1) 

P a g e  No. 

8 

15 
15 
17 
17 
17 
2 4  
2 4  
2 4  
29  
29 
29 
29  
29 - 31 
33 
33  

35 

39 
39  
40 
40 

- + -  
F i n a l  R e p o r t  RMD 6203-Q2 



7&k& 
REACTION MOTORS DIVISION 

2 . 4  
2 . 5  
2. 6 
2.7 
2.8 
2 . 9  
2 .9 .  1 
2 . 9 . 2  
2.10 
2.11 
2 .12  
2. 13 

CONTENTS (Cont 'd)  

Page No. 

Opera t ing  Vib ra t ion  (4.7.  18. 2) 
A c c e l e r a t i o n  (4.7. 19) 
Shock (4 .7 .20 )  
Handl ing Shock (4 .7 .2  1) 
Life T e s t  (4 .7 .22)  
P r o p e l l a n t  Compatibi l i ty  
Fue l  Compat ib i l i ty  (4 .7 .  24. 1) 
Ox id ize r  Compatibi l i ty  (4 .7 .  24 .2)  
Vacuum (4 .7 .23 )  
Electrical In t e r f e rence  (4.7. 13) 
Final P e r f o r m a n c e  (4. 5 .2)  
Burst (4 .7.15)  

APPENDICES - VOLUME I1 
BOOK I 

APPENDIX A VALVE, BIPROPELLANT,  E L E C T R I C A L ,  
TORQUE MOTOR O P E R A T E D ,  PULSE 

EC20517 
MODULATED - R M D  SPECIFICATION 

APPENDIX B P A R T  I - BIPROPELLANT VALVE 
QUALIFICATION T E S T  PROCEDURE - 
MOOG MR 1144 

APPENDIX B P A R T  I1 - BIPROPELLANT VALVE 
QUALIFICATION T E S T  R E P O R T  - 
MOOG MR 1175 

APPENDIX C P A R T  I - PROPELLANT VALVE 
ELECTRICAL I N T E R F E R E N C E  T E S T  - 
RMD SPECIFICATION 1426 

APPENDIX C P A R T  I1 - ENVIRONMENTAL T E S T  R E P O R T  
VALVE S / N  235 - G P L  E 1256 

APPENDIX D P A R T  I - PROPELLANT COMPATIBILITY 
T E S T  - RMD SPECIFICATION 1425 

P A R T  I1 - PROPELLANT COMPATIBILITY APPENDIX D 
T E S T  REPORT VALVE S / N  245 

45  
45 
49  
49 
53 
53 
53 
53 
55  
57 
57 
57 

ii - - 
Final R e p o r t  RMD 6203-Q2 



7&&& 
REACTION MOTORS DIVISION 

A P P E N D I X  E 

A P P E N D I X  E 

A P P E N D I X  F 

A P P E N D I X  G 

A P P E N D I X  H 

A P P E N D I X  I 

A P P E N D I X  J 

A P P E N D I X  K 

A P P E N D I X  L 

A P P E N D I X  L 

A P P E N D I X  M 

A P P E N D I X  N 

A P P E N D I X  0 

CONTENTS (Cont 'd)  

P A R T  I - ACCELERATION TEST - RMD 
SPECIFICATION 1433 

P A R T  I1 - VALVE QUALIFICATION 
ACCELERATION TESTING O F  O N E  BI- 
P R O P E L L A N T  VALVE P / N  316305-200,  
S / N  266  - CDL R E P O R T  1690 

QUALIFICATION TEST P L A N  F O R  C-1  
ENGINE - RMD SPECIFICATION 15169 

VIBRATION TEST (NON-OPERATING) - 
A T L  R E P O R T  

VIBRATION TEST (OPERATING) - ATL 
R E P O R T  

APPENDICES - VOLUME I1 
BOOK I1 

SHOCK TEST - ATL R E P O R T  

ACCEPTANCE T E S T  DATA F O R  B I P R O P E L L A N T  
CONTROL VALVE ASSEMBLY - MOOG MR 

QUADREDUNDANT VALVE ASSEMBLY - 
1152 

RMD SPECIFICATION EC20518 

P A R T  I - QUADREDUNDANT VALVE 
QUALIFICATION TEST P R O C E D U R E  - 
MOOG MR 1167 

P A R T  II - QUADREDUNDANT VALVE 
QUALIFICATION TEST R E P O R T  - MOOG 
MR 1207 

ENVIRONMENTAL TEST R E P O R T  - G P I  
R E P O R T  E 1256 

P R  0 PE L LAN T C 0 MPATIBILIT  Y TE S T 
QUADREDUNDANT VALVE ( P / N  317013- 
500,  S / N  128) 

VALVE QUALIFICATION ACCELERATION 
TESTING OF ONE QUADREDUNDANT VALVE 
P / N  317013-500, S / N  123 - C D L R E P O R T  1691 

iii - - 
Final R e p o r t  RMD 6203-QZ 



. 

APPENDIX P 

APPENDIX P 

APPENDIX P 

APPENDIX P 

APPENDIX Q 

APPENDIX Q 

A P P E N D I X  R 

APPENDIX S 

' 7&k& 
REACTION MOTORS DIVISION 

CON TENTS (C on t Id) 

APPENDICES - VOLUME 11 
BOOK I11 

P A R T  I - VIBRATION TESTING (NON-OPERATING) - 
A T L  REPORT 

P A R T  11 - VIBRATION TESTING (NON-OPERATING) - 
A T L  R E P O R T  

P A R T  I11 - PREQUALIFICATION O F  R E S  765 
QUADR.EDUNDANT VALVE CONFIGURATION 

P A R T  IV - DISASSEMBLY O F  S / N  130 QUAD- 
REDUNDANT VALVE F R O M  R E S  760 

P A R T  I - VIBRATION TESTING (OPERATING) - 
A T L  R E P O R T  

P A R T  I1 - VIBRATION TESTING (OPERATING) - 
A T L  R E P O R T  

SHOCK TEST - A T L  R E P O R T  

ACCEPTANCE TEST DATA 

i v  - - 
F i n a l  R e p o r t  RMD 6203-Q2 



Figure NO. 

1.4. 1-1. 

1.4. 1-2. 

1. 4.2-1. 

1.4.2-2. 

2.3-1. 

2. 3-2. 

2. 4-1. 

2. 6-1. 

2. 3-1. 

2. 3-2. 

2.4-1. 

REACTION MOTORS DIVISION 

ILLUSTRATIONS 

Bipropellant Valve 

Bipropellant Valve C r o s s  -Section 

Quadr edundant Valve 

Quadredundant Valve Schematic 

PART I 
BIPROPELLANT VALVE 

Non-Operating (Unpres surized) Vibration 

Bipropellant Valve Mounted in Valve -Engine 
Vibration Fixture  

Operating (Pressurized)  Vibration 

Valve S/N 266 (Engine 76-1) Shock Testing 
Setup 

PART I1 
QUADREDUNDANT VALVE 

Non-Operating (Unpre ssurized) Vibration 

Quadr edundant Valve Mounted in  Valve - 
Engine Vibration Fixture 

Operating (Pressurized)  Vibration 

Page No. 

3 

4 

6 

7 

19 

20 

22  

2 6  

43 

44 

47 

v -  - 
Final  Report  RMD 6203-Q2 



Table No. 

1.0-1 

1, 0-11 

1. 0-111 

2 .1 -1  

2 .2-1  

2. 3-1 

2.4-1 

2. 5-1 

2. 6-1 

2.7 -I 

2. 8-1 

2.10-1 

2 .12 -1  

1.0-1 

1.0-11 

2. 1-1 

2 .2 -1  

2.3-1 

2. 4-1 

2. 5-1 

7 k k &  
REACTION MOTORS DIVISION 

TABLES 

, .  Page No. 
PART I - BIPROPELLANT VALVE 

Bipropellant Valve Qualification Tes t  
P rogram Matrix 

Bipropellant Valve Conformance to CEI 
Specification 151 66 Requirements 

Summary of Appendice s Contained in 
Volume II 

Acceptance Test Data 

Temperature Test 

Non-Operating Vibration 

Operating Vibration Test  

Acceleration Te s t s 

Shock Tes t  

Handling Shock Tes t  Results 

Life Tes t  

Vacuum Tes t  Data 

Final  P e r  forrnanc e 

PART I1 - QUADREDUND’ANT VALVE 

Quadredundant Valve Qualification Tes t  
P rogram Matrix 

Quadredundant Valve Conformance to CEI 
Specification 15166 Requirements 

Acceptance Test Data 

Temperature Test 

Non -Ope r ating Vibration Inte raxi s Leakage 
Tes t  Results 

Operating Vibration Interaxis Leakage Tes t  
Results 

Acceleration Te s t s 

9 

11 

12 

16 

18 

21  

23 

25 

27 

28 

30 

32 

34 

36 

38 

41 

42 

46 

48 

50 

vi - - 
Fina l  Report  RMD 6203422 



2. 6-1 

. 

TABLES (Cont'd) 

Table No. 

2.7-1 

2. 8-1 

2.10-1 

7&k& 
REACTION MOTORS D I V I S I O N  

Page No. 

Shock Tes t  

Handling Shock Tes t  Results 

Life Cycle Test 

Vacuum Tes t  Data 

5 1  

52 

54  

56 

vii - - 
Fina l  Report  RMD 6203-Q2 



REACTION MOTORS DIV IS ION 
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1.0 INTRODUCTION 

1.1 P U R  POSE 

The purpose of this report  is t o  document the qualification t e s t  program 
conducted on the bipropellant and quadredundant propellant control valves 
which a r e  component parts of the C-1 Engine. 

The bipropellant valve, Thiokol - RMD P a r t  No. 316305-200 has completed 
the qualification test requirements defined in  Contract End I tem Detail 
Specification CP  15166. 
pellant control valve for space u s e  on the C-1 Engine. 
Specification EC 20517 describes the bipropellant valve qualification 
requirements.  

The quadredundant valve, Thiokol - RMD P a r t  No. 317013-500 has  completed 
the qualification t e s t  requirements defined in  Contract End Item Detail 
Specification CP15166, except f o r  vacuum, where the unit failed t o  pass 
the dielectric strength test. 
tionally qualified for  space use  on the C-1 Engine. 
fication EC 20518 describes the quadredundant valve requirements.  

The completion of these tes t s  qualifies the bipro- 
Thiokol - RMD 

The quadredundant valve i s  therefore  condi- 
Thiokol - RMD Speci- 

1 .2  CONTRACTUAL COVERAGE 

The  effort reported herein was conducted for the George C. Marshall  
Space Flight Center under NASA Contract No. NAS8-15486. 

1.3 BACKGROUND 

The scope of the C-1 Engine Program has undergone considerable 
transformation since the s ta r t  of the Phase  I1 contract in October 1965. 
Originally, the development of a multipurpose engine operable in 
ei ther  a pulsing o r  steady state mode was planned. However, as the 
C-1 P rogram progressed, both engine and program requirements  
were  realigned. 

Final Report  RMD 6203-Q2 
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The qualified C-1 Engine design described in  Thiokol - RMD Final 
Report 6203-DR3 is a high performance engine having unlimited 
r e s t a r t  capability. 
and can deliver pulses ranging irom 2 seconds to 2000 seconds 
duration with a 50-minute off time between pulses. Although the 
C-1 Engine design was substantially realigned during the course 
of the development program the requirements for  the propellant 
control valves as defined in  Thiokol - RMD Specifications EC 
20517 and E C  20518 remained essentially unchanged throughout 
the course of the program. 

The C-1 Engine operates in a steady state mode 

The Valve and C-1 Engine Development P rograms  were car r ied  out 
concurrently to  insure that the propellant control valves were  
specifically tailored to  the C- 1 Fngine requirement. The Develop- 
ment P r o g r a m  to  demonstrate the design integrity and basic functional 
character is t ics  of the bipropellant and quadredundant valves is  
reported in  Thiokol - RMD Final Report 6203-F1. 

Part I of this report  discusses the Qualification Tes t  P rogram of the 
bipropellant valve and P a r t  I1 discusses the Qualification Tes t  P rogram 
of the quadredundant valve. 
description of each propellant valve. 

The following section presents a brief 

1.4 DESCRIPTION O F  VALVES 

The C-1 Engine utilizes either a bipropellant valve o r  a quadredundant 
valve, both designed and manufactured by Moog, Inc., East Aurora,  
New York. 
substitution of the alternate valve configuration.. 

The valve can be readily removed f rom the engine to  permit 

1.4.1 BIPROPELLANT VALVE 

The design of the bipropellant valve shown i n  Figures  1.4. 1-1 and 1.4. 1-2 
is  based on a unit (Moog Model 52-108) previously built and tested for  the 
NASA Manned Spacecraft Center, Houston, Texas. The bipropellant 
valve employs a torque motor t o  simultaneously open and close the fuel 
and oxidizer ports by using a movable flapper. The ports a r e  arranged 
in separate,  fluid sealed chambers that completely isolate the fuel and 
the oxidizer. The flappers a r e  mounted in separate  flexure tubes and 
a re  attached to a common armature which mechanically links the flapper 
assemblies  so that two propellants may be controlled simultaneously with 
one torque motor. 

The torque motor features a permanent magnetic flux circuit  which polarizes 
the a rma tu re  and is energized by power to produce an  output torque propor- 
tional to  input current.  
o r  secondary coil. 
designed for  high response actuation while the secondary coil, designed for  
lower cur ren t  and slower actuation, consists of a single coil. 

The valve can be operated with either the pr imary  
The primary coil comprised of two separate coils is 

Final Report RMD 6203-Q2 
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Figure 1.4. 1-1. Bipropellant Valve 
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8 
8 

1.4. 2 

I 
I 

The valve is openedhy energizing the torque motor which resul ts  in 
moving the flappers off the ports. The electrical  input is  designed to  
saturate  the magnetic circuit  of the torque motor so  that a very  high 
driving force  results.  This force moves the flappers against stops 
which a r e  preset  to  give the precise pressure  drop required ac ross  
the valve. 

Removal of the electrical  signal permits  the flappers to  re turn  to  closed 
position. Symmetrical  on and off t ransient character is t ics  are  obtained 
by matching the magnetic bias force to the net driving force f r o m  elect- 
rical signal input. 
that no adjustments o r  separate bias springs a r e  required. 
de-energized position, the valve remains closed by magnetic bias which 
causes  the flappers to  seal  both fuel and oxidizer ports for indefinite 
periods with o r  without fluid pressures.  

Torque motor design establishes the bias force so  
In the 

QUA DREDUNDANT VALVE 

The design of the quadredundant valve shown in Figures  1.4. 2-1 and 
1.4. 2-2 consists of two separate bodies, one oxidizer and one fuel, 
with each body containing four identical individual torque motor oper- 
ated valves integrally manifolded. 
series -parallel flow paths within each body. The quadredundant valve 
utilizes a single a i r  gap type torque motor to  open and close each of 
the eight flow control ports, 

The manifolding provides redundant 

The  torque motors  used in  this valve contain a polarized magnetic flux 
circui t  generated by two permanent magnets arranged in  se r i e s ,  The 
motor  a rma tu re  extends into the air gap of the permanent magnetic flux 
circui t  and is  supported i n  this position by the flexure tube. When the 
single coil assembly surrounding the a rma tu re  i s  energized, the resulting 
cur ren t  flow increases  the flux in one air gap and reduces the flux in  the 
other air gap thereby producing a n  output torque proportional t o  input 
current .  The driving torque holds the a rma tu re  flapper assembly in the 
open position against the flapper stop. 
energized the magnetic bias returns the a rma tu re  flapper assembly to 
the closed position. 

When the torque motors  are de- 

The quadredundant valve incorporates the flexure tube design in much 
the same  manner a s  the bipropellant valve. The flexure tube isolates 
the electr ical  motor assembly from the propellants and thereby eliminates 
possible deterioration of the electrical mater ia ls  and contributes t o  the 
long-life and long-storage capabilities. 
no close fitting sliding p a r t s  thus eliminating propellant gumming failures.  

Additionally, the design contains 

I 
I - 5 -  
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F i g u r e  1 . 4 . 2  - 1. Quadredundan t  Va lve  
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PART I 

BIPROPELLANT VALVE 

SUMMARY 

Five (5) bipropellant valve t e s t  specimens identified below were  subjected 
to the qualification tes t  program described in  Thiokol - RMD Specification 
EC 20517 ( re fer  to  AppendixA for detail). 

Thiokol - RMD Part Number 
Moog Model Number 52-147B 
Moog P a r t  Number 01 0-49029 
Thiokol - RMD Serial  Numbers 235, 239, 243, 

316305-200 

245 and 266 

A summary  of the performance and environmental test requirements is  
contained in Table 1. 0-1. As noted in  this table the test program was a 
joint effort conducted i n  part  by Moog and Thiokol - RMD. 
speciment (S/N 266) was subjected sequentially to  non-operating vibra- 
tion, operating vibration shock and acceleration as par t  of the C-1 Engine 
testing reported in Thiokol - R M D  Final Report 6203-Q1. 
valve qualification test program w a s  implemented by the following documents 
contained in Volume I1 of this report. 

One tes t  

The-lkgropellant 

Moog Qualification Tes t  Procedure, Report No. MR 1144, 

(Revision B Appendix B, Part I - Volume 11) 

Thiokol - RMD Specification 1426 - Propellant Valve Electr ical  

Interference Tes t  (Appendix C Part I - Volume 11) 

Thiokol - RMD Specification 1425 - Propellant Valve Propellant 

Compatibility Tes t s  (Appendix D, Part I - Volume 11) 

Thiokol - RMD Specification 1433 - Propellant Valve 

Acceleration Tes ts  (Appendix E, Part I - Volume 11) 

Thiokol - RMD Specification 15169 - Qualification Tes t  P lan  

F o r  C-1 Engine (Appendix F - Volume 11) 

Final Report RMD 6203-Q2 



T e s t  P l an  
Reference  
Volume I1 

App. A. 

App. B. 
P a r t  I 

APP. F 

APP. F 

APP. E 

APP. F 

APP. A 

APP. A 

APP. D 

Part I 

Part I 

App. D. 
Part I 

APP. A 

TABLE 1.0-1 REACTION MOTORS DIV IS ION 

B I P R O P E L L A N T  VALVE QUALIFICATION 
TEST PROGRAM MATRIX 

T e s t  
C ondu c t e d 

BY 

Moog 

RMD 

RMD 

RMD 

RMD 

RMD 

Moog 

Moog 

RMD 

RMD 

Moog 

TEST(’) 

Acceptance (4 .  5) 

Tempera tu re  
(4.7.17) 

Non- Operating 
Vibration (4.7.18.1) 

Operating Vibr a - 
t ion (4.7.18.2) 

Accelerat ion 
(4.7.19) 

Shock (4.7.20) 

Handling Shock 
(4.7.21) 

Life (4.7. 22) 

Fue l  Compatibility 
(4.7.25.1) 

Oxidizer Compatibility 
(4.7.25.2) 

Vacuum (4.7: 24) 

TEST SPECIMEN 

235 239 243 245 266 

1 1 1 1 1 

2 

APP. A Moog Final  Per formance  
(4.5.2) 

APP. A Moog Burs t  (4.7.15) 

(1) P a r a g r a p h  Number f r o m  RMD Spec EC20517 
(Refe r  Appendix A) Volume 11 

3 

4 2 

2 

3 

2 

3 

5 

4 

APP. c RMD Elec t r ica l  (4.7.13) 2 
Part I Interference 

S/ N 113 development spec imen tes ted  
a t  Dayton T. Brown, Bohemia, Long 
Island, New York for  600 hours .  
Requi rement  360 hours .  

5 3 

6 4 
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The five specimens successfully completed a l l  qualification tes t s  
in accordance with the requirements of the valve detail specification 
EC 20517 summarized in Table 1.0-1. The requirements of the Con- 
t r ac t  End Item Specification (CP15166) were satisfactorily demonstrated 
in this qualification tes t  program o r  a s  a par t  of the development 
testing. Table 1.0-11 summarizes the requirements and also identifies 
the type of tes t s  conducted during the development and the qualification 
program. The resul ts  of the development tes t  program a r e  discussed 
in Thiokol-RMD Final Technical Report 6203-F1. The resul ts  of 
the qualification tes t  program are discussed briefly in the subsequent 
sections of this report .  A more  detailed discussion of these resul ts  
i$ contained in Appendices of Volume 11. A tabular summary of the 
appendix matter  contained in Volume I1 is presented in  Table 1.0-111. 
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TEST (l) 

Coil Temperature (3.1. 

Operating (3.2.2.1 & 
3.2.3.1.2 & 3.2.3.1.3) 

Vibration (3.1.2. 5.  3. l . ,  
3.1. 2. 5. 3.2) 

Acceleration 
(3.1.2.5.3.1.3 & 3.1.2. 

Shock (3.1.2. 5. 3. 2. 3) 

Sand & Dust (3.1.2. 5 .  

Salt Spray (3.1.2. 5.2. 5: 

Rain (3.1.2. 5.2.2) 

Fungus (3.1.2.5.2.4) 

Propellant Compatibilit. 

Maximum Temperature 

AC-Field Test  (3. 3.1.4 

P r e s s u r e  Spike (3.1.1. 

Vacuum (3.1.2.5.3.2.5; 

Burst  (3. 3.1.2.1) 

Cycle Life (3.1.2. 2.2.1) 

Engine Firings (3.1.2. 2 

Radio Interference (3. 3 

Handling Shock (3.1.2. 3 

(1) Paragraph refc 



(3.2.3.1) 

REACTION MOTORS DIVISION 
DENVILLE, NEW JERSEY 

TABLE 1.0-11 

BIPROPELLANT VALVE CONFORMANCE TO 

CEI SPECIFICATION 15 166 REQUIREMENTS 

PURPOSE 

Determine Coil Temperature during MSDC 

Determine Performance Characterist ics over Rated and 
Operating Range of Temperatures,  Pressure  and Voltage 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

:3.1. 2. 2. 2.1) Verify Design Integrity 

1.14) Verify Design Integrity 

) Verify Design Integrity 

Verify Design Integrity 

Verify Design Integrity 

Demonstrate Valve Life i n  excess of 50,000 cycles 

1. 1) Demonstrate Valve Life Engine in  excess of 30,000 

1.4.1.14) 

1. 3)  Verify Design Integrity 

renced f rom CEI Specification 15166 

Verify Design Integrity and Performance 

11 - - 

No. of No. of 
Samples Samples 

Tested Tested 
Development Qualification 

2 1 

4 1 

2 1 

2 

2 

2 

2 

2 

2 

1 

1 

2 

1 

3 

4 

/v 12 

2 

- -  

- -  

2 

2 

- -  

1 

1 
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Appendix 

A 

B-1 

B -11 

c-1 

c -11 

D -I 

D -11 

E -I 

E -11 

F 

Reference Number 

Specification EC20517 - 
Thiokol-RM D 

Valve, Bipropellan. 
Pulse  Modulated 

MR 1144 - Moog, Inc. Bipropellant Valve 

MR 1175 - Moog, Inc. Bipropellant Valve 

Specification 1426 - 
Thiokol- RM D 

Propellant Valve E 

E-1256 - General  
Precis ion,  Inc. 

Environmental Te s'  

Specification 1425 - 
Thiokol- RM D 

Propellant Compati 

Compatibility Tes t  
Report  - Thiokol-RMD 

Propellant Compa ti 

Specification 1433 - 
Thiokol-RMD 

Acceleration Tes t  

CDL-1690 - Thiokol-RMD Valve Qualification 
Bipropellant Valve, 

Specification 15169 - 
Thiokol- RM D 

Qualification Tes t  1 

G 

H 

I 

M602-8304 - Associated 
Tes t  Laboratory 

Vibration Tes t  (Non 

M599-8308 - Associated 
Tes t  Laboratory 

Vibration T e s t  (Ope 

M594-8312 - Associated 
Te s t Laboratory 

Shock Tes t  

FOLsiour 3 w  
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bUM1VIWK.Y U P  

Title 

Electrical ,  Torque Motor Operated, 

TABLE 1. 0-111 

-- APPENDICES CONTAINED IN VOLUME I1 m y - .  # *  I . - ZI 

Description 

Specifies detail requirements for bipropellant 
valves 

ualification Test  Procedure 

ualification Test Report  

c t r ical  Interference Test  

Report, Valve S / N  235 

ility Test  

ility Test ,  Valve S / N  245 

Acceleration Testing of one 
P / N  316305-200, S / N  266 

.an for  C - 1  Engine 

Ope rating) 

)sting) 

Defines tes t  procedure on bipropellant valves 
S/N 235, 239, 243, 245 and 266 specimens 

Presents resul ts  of tes t s  of bipropellant valves, 
S / N  239 and 243 

Defines tes t  procedure for  bipropellant and 
quadredundant valves 

Presents resul ts  of tes t s  on bipropellant valve 
S / N  235 

Defines tes t  procedure for  bipropellant and 
quadr edundant valve s 

Presents resul ts  of tes t s  of bipropellant valve, 
S./N 245  

Defines tes t  procedure for bipropellant and quad- 
redundant valve s 

Presents  resul ts  of tes t s  of bipropellant valve, 
S / N  266 

Defines detail vibration and shock requirements 
for C-1 Engine Assemblies. (Appendices D, E, 
F and G a r e  not included) 

Presents resul ts  of tes t s  of bipropellant valve, 
S / N  266 (Engine S / N  761) 

Presents resul ts  of tes t s  of bipropellant valve, 
S / N  266 (Engine S / N  761) 

Presents results of tests of bipropellant valve, 
S / N  266 (Engine S / N  761) mIiTJOUT XRAJVlE 

- 12 - 
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Appendix 

J 

K 

L -I 

L -11 

M 

N 

0 

P -I 

P -11 

P-I11 

P- IV  

Q -1 

Reference Number 

MR 1152 - Moog, Inc. 

Specification EC20518 - 
Thiokol-RMD 

MR 1167 -Moog,  Inc. 

MR 1207 -Moog,  Inc. 

E-1256 - General 
Precis ion,  Inc. 

Compatibility Test  
Report - Thiokol-RMD 

CDL 1691 - Thiokol-RMD 

M606-8303 - Associated 
Test  Laboratory 

M601-8306 - Associated 
Te s t Lab o r  a to ry  

Memorandum - Thiokol- 
RM D 

Report - Thiokol-RMD 

M597-8307 - Associated 
Te s t Lab0 rat0 ry  

Acceptance Test  Da 
A s s embly 

Quadredundant Valv 

Quad r e dun dan t V a l v  

Quadredundant Valv 

Environmental Test 

Propellant Compati' 
( P / N  317013-500, S 

Valve Qualification 
Quadredundant Valv 

Vibration Testing ( I  

Vibration Te sting (1  

I 

Pr equalification of 
Configuration 

Disassembly of S / h  
RES 760 

Vibration Testing ( (  



TABLE 1.0-111 

Report 

REACTION MOTORS DIV IS ION 

'N 128) 

SUMMARY OF APPENDICES CONTAINED IN VOLUME I1 

Title De scr ip  tion 

'on - Ope rating) 

[on-Operating) 

la f o r  Bipropellant Control Valve 

i f Assembly 

Qualification Tes t  Procedure 

i 

Qualification Tes t  Report 
I 

IES 765 Quadredundant Valve 

'1  30 Quadredundant Valve F rom 

Jperating) 

Presents resul ts  of tes ts  of bipropellant valves, 
S / N  235, 239, 243, 245 and 266. 

Specffies detail requirements for quadredundant 
valvas 

Defines tes t  procedure for quadredundant valves, 
S / N  423, 125, 126, 127, 128, 129 and 130 
s p e c h e n s  

Presents resu l t s  of tes t s  of quadredundant valves, 
S / N  125, 126, 127, 129 and 130 

Presents resul ts  of tes ts  of quadredundant valve 
S / N  128 

Presents resul ts  of tes t s  of quadredundant valve 
S / N  128 

Presents resul ts  of tes t s  of quadredundant valve, 
S / N  123 

Presents resul ts  of tes t s  of quadredundant valve 
S / N  130 (Engine S / N  760) 

Presents resul ts  of tes t s  of quadredundant valve 
S / N  129 (Engine S / N  765) 

Presents results of tes ts  of quadredundant valve 
S / N  129 

Presents resul ts  of tes ts  of quadredundant valve 
S / N  130 

Presents results of tes ts  of quadredundant valve 
S / N  130 (Engine S/N 760) 

13 - - 
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A ppe ndix Reference Number 

Q-II M600-8310 - Associated Vibration Testing ( 1  

Te s t Laboratory 

R M589-8311 - Associated Shock Test 
Test  Laboratory 

S MR 11 17 - Moog, Inc. Acceptance Test  D: 



Title 

perating) 

I I 
i 

ita 

REACTION MOTORS DIV IS ION 

TABLE 1. 0-111 

SUMMARY O F  APPENDICES CONTAINED IN VOLUME I1 

Description 

Presents  resu l t s  of t es t s  of quadredundant valve 
S / N  129 (Engine S / N  765) 

Prebents resu l t s  of t es t s  of quadredundant valve 
S / N  130 (Engine S / N  760) 

Prebents resu l t s  of t e s t s  of quadredundant valves 
S / N  123, 125, 126, 127, 128, 129 and 130 

FOLDOUT F M  
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QUALIFICATION TEST PROGRAM 

The bipropellant valve qualification test program was conducted using 
five test specimens. Each of the specimens was 
of tests as  shown in Table 1.0-1 in the Introduction. 
sections of this report w i l l  discuss each test and briefly recap the test 
results. 
appendix matter. 
is also parenthetically noted following each test heading 

ACCEPTANCE (4.5) 

subjected to  a series 
The subsequent 

Reference should be made to Table 1. 0-111 for  supporting 
The applicable paragraph of Specification EC 2051 7 

Each test specimen was acceptance tested p r io r  to being, subjected to  
the qualification tests. 
performance and operational characteristics of the valves were in corn- 
pliance with the design requirements of Contract End Item Detail Speci- 
fication C P  15166. 

These tests were conducted to  assure that 

The tests comprised the following: 

Examination of Product - to  insure conformance of each 
valve with the applicable drawings. 

Proof Pressure - t o  insure structural integrity of valve. 

Electrical Resistance - to insure coil and insulation 
electrical resistances comply with design requirements 

Dielectric Strength - to demonstrate the electrical integrity 
of the electrical circuit from the connector to the valve case. 

Response - to demonstrate that opening and closing times 
comply with design requirements.. 

Functional - t o  demonstrate operation of the valve at 
minimum emergency voltage. 

Flow - to  insure compliance with design pressure drop 
requirements 

External Leakage - to insure weld integrity of the valve. 

Internal Leakage - t o  insure seat integrity of the valve. 

Reverse Leakage - to  insure seat integrity in the reverse 
direction to  permit system vacuum loading. 

The results of the acceptance tests a r e  summarized in Table 2. 1-1. 
test specimens successfully passed the requirements of this  test. 
discussion i s  contained in Appendix J ,  Volume 11. 

A l l  
Further 

- 15 __ 
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2.3  

2 .4  I 

1 
1 
1 

TEMPERATURE EXTREMES (4.7.17) 

The purpose of this tes t  is to demonstrate valve performance at  the 
combined mos t  severe operating conditions. The following c r i t e r i a  
were  established f o r  this se r ies  of tests which were conducted a t  
maximum (S180F) and minimum ( t12F)  ambient temperatures .  

. Response at the maximum rated p res su re  (212 psig) with the minimum 
rated voltage of 22 vdc. Testing at t180F uses'lhot amps" which simulates 
a condition of valve operation at minimum rated voltage immediately af ter  
a thermal soak due to a 500 second "on" time at the nominal ra ted voltage 
(28 vdc). 
the coils individually with 28 vdc fo r  500 seconds, 
reduced to 22 vdc and the coil cur ren t  measured. 

The value of "hot amps" is determined for  each coil by energizing 
The voltage is then 

- Operation (pull-in) at the maximum operating p res su re  (325 psig) with 
the minimum aperating voltage (20 vdc). 

Operation (drop-out) at the minimum operating p res su re  (166 psig) with 
the drop-out voltage (1 vdc). 

The resul ts  of the temperature tests are summarized in  Table 2. 2 - 1 .  
Tes t  specimen S /N  239 successfully passed the requirements of this 
tes t .  Further  discussion is contained in Appendix B, Part 11, Volume 11. 

NON-OPERATING VIBRATION (4. 7.18.1) 

The purpose of this tes t  is to demonstrate valve capabilities under a launch 
vehicle boost vibration environment. Vibration Testing was performed d ry  
and unpressurized on valve S/N 266 (assembled as p a r t  of C-1 Engine 
Assembly (S/N 761). 
and include sinusoidal and random sp5ctrums. 
with the valve attached to the engine to ensure that the valve was exposed to 
actual vibration including engine amplification ( see  Figure 2. 3-2). Interaxis 
performance testing shown in  Table 2. 3-1 was conducted at the completion of 
each sinusoidal and random vibration axes.  
successfully passed the requirements of this tes t .  
tained in  Appendix G, Volume 11. 

The vibration requirements a r e  indicated in Figure 2. 3-1 
Testing was accomplished 

Test  specimen valve S / N  266 
Fur ther  discussion is con- 

OPERATING VIBRATION (4. 7.18. 2 )  

The purpose of this tes t  is to demonstrate valve capabilities under a space- 
c raf t  vibration environment. Vibration testing was performed wet and 
pressur ized  on valve S /N  266, assembled as par t  of a C-1 Engine assembly 
( S / N  761). The vibration requirements a r e  indicated in Figure 2.4-1 and 
include sinusoidal and random spectrums. Testing was accomplished with the 
valve attached to the engine to ensure that the valve was exposed to actual 
vibration. including engine amplification. Refer to Table 2. 4-1. Test  specimen 
valve S /N 266 successfully passed the requirements of this test .  Fur ther  
discussion is contained in  Appendix H, Volume 11. 

- 17 - 
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Figure 2. 3 - 2 .  Bipropellant Valve Mounted in Valve-Engine Vibration Fixture 
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i f te r  Completion 

'unctional Tes t  

Of 

P r i m a r y  Volts 
(Pull-In) Amps 

7&&e 
REACTION MOTORS DIVISION 

AXIS AXIS AXIS 
A I B C 

I 
3 .3 i 3.6 3.2 
. 168 1 .152 

TABLE 2.4-1 

Secondary Volts 
(Pull-In) Amps 

Secondary Volts 
(Drop-Out) Amps 

,eakage Tes t  

OPERATING VIBRATION TEST 

5.2 5.2 j 4.3 . 176 
I ! . 145 1 . 140 

.072 . .060 .081 
2.6 2.7 ! 2.4 

I 

325 psig Fuel  
Oxidi z e r 

--Internal- - I 
i 50 psig Fuel 

Oxidizer 
1 

t 

0 t o  1 0  
0 : o  E o  

0 
0 

- 23 - 
Final Report  RMD 6203-Q2 



I 
I REACTION MOTORS DIVISION 

I 2. 5 

8 
1 
1 
I 
1 

2 . 6  

1 
t 
n 

1 
I 
8 
I 
I 
1 

1 2 . 7  

ACCELERATION (4. 7. 19) 

The purpose of this test is  t o  demonstrate valve capabilities under 
both launch vehicle boost and spacecraft operating environments. 
Acceleration testing was performed on valve S/N 266, assembled 
as  part of C-1 Engines Assembly (S/N 761-1). 
was mounted in a fixture simulating its normal mounting configuration 
and mounted on the end of the rotating arm in a centrifugal testing 
machine. Testing was accomplished at the following levels: 

The engine assembly 

. Pressurized, Non-operating, 20 g's for  6 minutes 

-- Pressurized, Operating, 20 g 's  for 2 minutes. 

Testing was performed in each direction in each of three mutually 
perpendicular axes. 
in Table 2. 5-1. 
ments of this test. 
Volume 11. 

The results of the acceleration tests a r e  summarized 

Further discussion is contained in Appendix E, Par t  11, 
Test specimen S/N 266 successfully pas sddhe  require- 

SHOCK (4. 7. 20) 

The purpose of this test is to  demonstrate valve capabilities under launch 
vehicle stage separation. Shock testing was performed on valve S/N 266, 
assembled as  part of C-1 Engine assembly ( S / N  761-1). 
was mounted in a fixture and secured to the platform of a shock machine 
(See Figure 2. 6-1). 
shock pulses of ten milliseconds duration. The shocks were applied three 
times in b0t.h directions in each of three axes for a total of eighteen shock 
impacts. 
Test specimen valve S / N  266 successfully passed the requirements of this 
test. Further discussion is contained in Appendix I, Volume 11. 

The engine assembly 

It was subjected to  twenty "g" peaks, half sine wave 

The results of the shock tests a r e  summarized in Table 2. 6-1 

HANDLING SHOCK (4 .  7. 21) 

The purpose of this test is to demonstrate valve capabilities under normal 
handling abuse prior to being assembled t o  an engine. The handling shock 
tests (four 45 degree edge d;ops and one one-inch drop on each valve face 
on a solid hardwood bench top)  was performed on valve S/N 239. The re-  
sults of the handling shock test a r e  summarized in Table 2. 7-1. 
specimen S / N  239 successfully passed the requirements of this test. 
discussion is contained in Appendix B, Par t  11, Volume 11. 

Test 
Further 
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Figure 2.6-1. Valve S / N  266 (Engine 761-1) Shock Testing Setup 

- 26 - 
Final Report  RMD 6203-Q2 



I 
I *  
1 
I 
II 
I 

8 
I 
8 
8 
1 
SI 
8 
I 
1 
1 
t 
I 

a 

AXIS A AXIS B After Completion 

Functional Test  

P r i m a r y  Volts 3.3 3.5 
(Pull-In) Amps . 160 . 156 

P r i m a r y  Volts 2.6 2.6 
(Drop-Out) Amps .096  , .089 

I 
Secondary Volts 5 .3  I 5.3 

Secondary Volts 3.0 , 3.2 
(Drop-Out) Amps .070 1 .074 

(Pul l  - In) Amps . 140 i . 150 

! 

i 
t 

Leakge Test  1 

--Internal- - , 
50 psig Fuel 0 t o  

Oxidizer 0 1 0  

. 

325 psig Fuel 
Oxidizer 

REACTION MOTORS DIVISION 

1 

0 * o  
0 2 0  

1 

TABLE 2.6-1 

SHOCK TEST 

AXIS C 

3.0 
. 168 

2.6 
.082  

5.1 . 140 

3.0 
.080 

0 
0 

0 
0 
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LIFE TEST' (4.7.22) 

The purpose of this test is  t o  demonstrate the valve capability in  excess  
of the specification requirement of 50, 000 cycles. 
were  conducted on two valve specimens. 
cycles per second f o r  50, 000 cycles, using the maximum operating 
p res su re  (325 psig). 
and leakage were  measured at 10, 000 cycle intervals.  
interval performance tes t s  a r e  shown in Table 2.  8-1. 
S / N  239 and 243, successfully passed the requirements of this tes t .  Fur ther  
discussion is contained in Appendix B, Part 11, Volume 11. 

Life cycling tests 
The valves were  cycled at 10 

Valve performance parameters  including response 
The resu l t s  of the 

The two specimens,  

PROPELLANT COMPATIBILITY 

FUEL COMPATIBILITY . (4. 7.  25. 1) 

This  test was conducted to  assure  valve compatibility with liquid fuel. 
The  valve was  subjected to a spray of liquid fuel maintained at t160F  
until all surfaces  were  wet and then allowed to  a i r  d r y  for  24 hours at 
8 0 F  and ambient humidity.. The t e s t  specimen, S /N 245 successfully 
passed the requirements of this test. Fur ther  discussion is contained 
in Appendix D, Part 11, Volume 11. 

OXIDIZER COMPATIBILITY (4. 7. 25. 2) 

This  test was conducted to assure  valve compatibility with liquid and 
gaseous oxidizer. The tests comprised the following: 

65F liquid oxidizer spray followed by 24 hours  air dry 

- One hour exposure t o  oxidizer vapor followed by 24 
?lours *air d ry  

The  test specimen, S / N  245 successfully passed the requirements  of this  
test. Fur ther  discussion is contained in  Appendix D. Part 11, Volume 11. 

VACUUM TEST ( 4 . 7 . 2 4 )  

These  tests w e r e  conducted t o  a s s u r e  valve electr ical  capabilities under a 
simulated vacuum environment. 
T e s t  P r o g r a m  (valve specimen S / N  113, P / N  316305-100) were  declared valid 
f o r  Qualification P rogram use. 

Vacuum tes t  resu l t s  f r o m  the Development 

The pr imary  reasons for this approach were: 

. There  were  no coil potting mater ia l  changes since 
the development vacuum test was performed. 

- 29 - 
Final Report RMD 6203-Q2 



I . 
8 .  
1 
8 
1 
1 
8 
8 
1 
8 
8 
1 
I 
II 
I 
8 
1 
I 

" I 

TEST 

* 

0 

0 

0 

0 

0 

0 

0 

Coil 
Resistance 

Pres sur e 
Drop 

Pull-In 
Voltage 

Drop- Out 
Voltage 

Opening 
Response 

Closing 
Response 

Int e r nal 
Leakage 

External 
Leakage 

TABLE 2.8 

S I N  __ --- - 
Pos t  Pos t  

€'re-Life 10,000 20,000 
Tes t  Cycles Cycles 

REQUIREMENT !- 
P r i m a r y  
Secondary 

Oxidizer Side 
Fuel Side 

P r i m a r y  
Secondary 

P r i m a r y  
Secondary 

P r i m a r y  
Secondary 

P r i m a r y  
S e c onda r y 

15t1.5 ohm 
3073.0 - ohm 

32t3  psi  
2573 - psi  

L - 16 vdc 
- L 16 vdc 

'5 1.0 vdc 
5 1.0 vdc 

15.04 
28. 94 

32.25 
25.25 

7. 78 
11.7 

2. 07 
2. 85 

L 9.0 msec  6.4 
L 50 msec 20. 5 
- 
- 
- L 5.0 msec  ! 3.0 
i 5.0 msec  2.4 
c 

Fuel 5 None 
Oxidizer ! None I 

, 

4 10-4sccps He 1 None 

14.98 
28.81 

32. 0 
26.25 

7. 82 
12.3 

2. 16 
3.27 

6.2 
25. 0 

2 .7  
2.4 

None 
None 

None 

14.98 
28. 73 

31. 75 
26.75 

7. 89 
12.10 

2.21 
3.37 

6.0 
22.5 

3.0 
2.4 

None 
None 

None 

* Test  prDcedure revised to  u s e  Drop-Out Switch of Figure F-1  of TCC-RMD Specj 
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I 

239 \ S I N  243 
___ 
Post P o s t  Post 
30,000 40,000 50,000 I C y c l e s  C y c l e s  C y c l e s  

t 

I 
P o s t  Post Post Post P o s t  

20,000 30,000 40,000 50,000 
Test  Cyc le s  C y c l e s  C y c l e s  C y c l e s  C y c l e s  

Pre-Life 10,000 

I None I ' None None None I 3 . 1 6 ~  None None None None 
I j 10-6 

1 
~ 

115. 02 15. 52 15.16 
28. 73 29.67 29.03 

30. 50 31.00 ~ 32.30 
127.00 26.25 26.50 

I 

11. 70 11. 70 1:::; 
7. 80 8. 00 

2. 28 2. 30 2. 38  
3.48 3. 60 3.57 

6. 2 6. 6 6. 7 
123. 5 37.0 25. 5 

1 2. 8 3.1 3.0 
2.4 2. 6 2 .5  

10.2 None 4.0 
57. 6 None 17.4 

I 

I 
I 

I 

I 
I 

f i ca t ion  15 169. 

~ 

14.98 14. 12 14.98 15.05 14.99 15.14 
29. 09 29. 16 29. 15 29. 14 29.08 29.38 

, 30.25 30. 75 30.00 30.25 31.50 31.50 
24. 75 24.25 24.75 24. 60 24. 50 24.75 

8. 94 7.20 6.94 7.11 6. 50 6. 31  

I 

I 

114.6 11. 50 11.1 11.0 10.30 10.10 

I 
1. 90 > 1 . 0 :k Y l .  o* >l. 0::: '1. 096 '1. o* 
2.99 ?l. ogc '1. o* >l. o* '1. 0::: '1. o*  

I 
' 7.0 4 . 8  4 .6  5.0 4. 8 5.2 

22.0 17. 5 18.0 23.0 17. 5 18.0 

3 .0  2.9 3.0 2. 8 3.0 3.0 
2.4 2.4 2 .6  2.4 2.4 2.4 

None None None None None 7.0 
None None None None None None 

I 

FOLD~OUT ~m d 
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. The testing was performed with the torque motor  cover 
removed to ensure  vacuum exposure of all torque motor  
par t s  (coils,  magnets, e tc . )  

. The tes t  was performed fo r  a significant duration 
(600 hour actual exposure). 

The following resu l t s  were extracted direct ly  f rom the Moog Bipropellant 
Valve Development Tes t  Report MR 1145, Pa rag raph  7. 16. 

"Test  specimen Serial  Number 113 .was subjected to  
the vacuum tes t  at the Dayton T. Brown Testing Labora-  
tor ies ,  Bohemia, Long Island, New York. The tes t  was 
s tar ted on April  13, 1966, and completed on May 3, 1966. 
The tes t  data recorded while the valve was in the vacuum 
environment, and the resu l t s  of the post vacuum in te rva l  
performance test ,  show no degradation of pefformance due 
to the environment. 

The valve, with the motor cap removed, was instal led i n  the 
vacuum chamber and was subjected to 600 hours  at a maxi-  
mum p r e s s u r e  of 10 m m  Hg. P r i o r  to reducing chamber  
p re s su re ,  immediately af ter  reducing chamber  p re s su re ,  
at five day intervals,  and during the last hour at reduced 
p res su re ,  the valve was subjected to  the  following tes t  
sequence. The pr imary  coil  of the valve was energized by 
slowly increasing signal voltage f r o m  0 to 30 vdc. .The 3 vdc was 

maintained for  five minutes and was then slowly decreased  
until the valve closed (de-energized).  The energizing (pull-in) 
and de-energizing (dropout) voltages were  recorded.  The 
valve was then cycled 100 t imes  at  1 cps  while the coil voltage 
was var ied from 16 to 30 vdc. While the coi ls  were  still hot 
f rom cycling, the valve was subjected to  the dielectr ic  strength 
test .  The values for the pull-in and dropout voltage tes t  and 
the dielectr ic  strength tes t  a r e  included in Table 2. 10-1." 

-6  

ELECTRICAL INTERFERENCE (4 .7 .  13) 

Tes t  specimen S/N 235 was subjected to e lectr ical  in te r fe rence  testing 
in accordance with MIL-I-6181D. ' These t e s t s  were  conducted to  

3 1  - - 
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determine the following: 

the magnitude 
the valve during actuation. 

of radiated interference emanating f rom 

valve susceptibility to radiated interference.  

valve susceptibility to conducted interference.  

Radiated interference did not exceed MIL-I-6181D requirements .  
There  was no evidence of valve susceptibility to either radiated o r  
conducted interference.  The valve successfully passed the requi re - .  
men t s  of this test. Fu r the r  discussion is contained in Appendix C, 
Part 11, Volume 11. 

FINAL PERFORMANCE (4.5.2) 

The t e s t  speciments,S/N 239 and 243, were subjected to a repea t  
of the original acceptance tes ts  as descr ibed in Section 2.1 of this  
repor t .  
and initial performance (Pre-qual i f icat ion)  to specification requirements .  
Both specimens met  a l l  specification requi rements  before and af ter  
the Qualification Test Program. Fur the r  discussion is contained in 
Appendix B, P a r t  11, Volume 11. 

Table 2.12-2 compares  final per formance  (Pos t  Qualification) 

BURST (4.7.15) 

These t e s t s  were conducted to a s s u r e  valve compliance with the 
design requi rements  of Contract End Item Detail Specification 
CP15166. The two valve specimens,  S / N  239 and 243, withstood 
the b u r s t  p r e s s u r e  (2000 psig) for  two minutes,  therefore  success-  
fully passing the requirements of this  test .  The p r e s s u r e s  were  
then slowly increased  until the specimens failed. These p r e s s u r e s  
were :  

S / N  239 8800 psig 
S / N  243 9300 psig 

F u r t h e r  discussion i s  contained in Appendix B, Part 11, Volume 11. 
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PART I1 

QUADREDUNDANT VALVE 

SUMMARY 

Seven (7)  quadr edundant valve test  specimens identified below 
were subjected to the qualification t e s t  p rogram descr ibed in  
Thiokol-RMD Specification EC 20518 ( r e f e r  to Appendix K, Volume 
I1 f o r  detail). 

Thiokol-RMD Part Number 317013-500 

Moog Model Number 50-304 

Moog P a r t  Number 010 - 4615 2 - 1 

Thiokol-RMD Serial  Numbers 123, 125, 126, 127, 128, 
129, and 130 

A summary  of the performance and environmental  t e s t  requi rements  
is contained in  Table 1.0-1. A s  noted in  th i s  table,  the test p rogram was 
a joint effort  conducted in  part  by Moog and Thiokol-RMD. Two t e s t  
specimens (S /N 129 and 130) were subjected sequentially to non-operating 
vibration, operating vibration shock and accelerat ion as pa r t  of the C-1 
Engine testing reported in  Thiokol-RMD Final  Report  6203-Ql. During 
engine qualification th i s  tes t  sequence was modified to operating vibration and 
and shock only. 
implemented by the following documents contained in  Volume I1 of th i s  
report .  

The quadredundant valve qualification test p rogram was 

Moog Qualification Test Procedure ,  Report  No. MR 1167, 
(Appendix K, P a r t  I, Volume 11) 

Thiokol-RMD Specification 1426 - Propel lant  Valve Elec t r ica l  
Interference Test  (Appendix C, Part I, Volume 11) 

Thiokol-RMD Specification 1425 - Propel lant  Valve Propel lant  
Compatibility Tes t s  (Appendix D, Part I, Volume 11) 

Thiokol-RMD Specification 1433 - Propel lant  Valve Acceleration 
Tes t s  (Appendix E, P a r t  I, Volume 11) 

Thiokol-RMD Specification 15169 - Qualification Tes t  P l an  F o r  
C-1 Engine (Appendix F, Volume 11) 
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T A B L E  1.0-1 

7&k& 
R E A C T I O N  M O T O R S  D I V I S I O N  

QUADREDUNDANT VALVE QUALIFICATION TEST PROGRAM MATRIX 

Te s t Plan Tes t  
Reference Conducted Test(’) Te s t Spe cimen 

BY 123 125 126 127 128 129 130 

Moog 

IApp* 
1”””’ 

Acceptance (4. 5) 

Tempera ture  (4.7. 17) 

RMD Non -Ope rating Vibration . (4.7. 18. 1) 

RM D 

RM D 

Operating Vibration 
(4. 7. 18 .2)  

Acceleration (4. 7. 19) 2 

1 1 1 1 1 1 1 

RMD Shock (4.7.20)  

Moog Handling Shock (4.7.21) 

Life (4. 7.22) Moog 

App.. D RM D Fuel Compatibility 
(4.7.24. 1 )  

APP. D RM D Oxidizer  ComDatibilitv 
Part I (4 .7 .24.2)  

“App. K Moog Vacuum (4.7.23) 

APP. c RMD Electrical Interference t Part I (4. 7. 13) 

Moog F i n a l  Performance (4. 5. 2 )  

2 

3 2 

4 3 

4 

2 

2 3 

2 

3 

5 

4 

4 5 

Moog Burs t  (4. 7. 15)  2 u p p -  
(1) P a r a g r a p h  Number f r o m  RMD Specification EC20518 

(Refer  Appendix K, Volume 11) I 
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R E A C T I O N  M O T O R S  D I V I S I O N  

The development of the quadredundant valve was accomplished under 
pressurized,  non-operating vibration. This requirement was changed 
late in the C-1 Program to unpressurized, non-operating vibration which the 
valve did not successfully demonstrate. 
revision did not permit  redesign of 'the valve to enable it to sustain this 
unpressurized vibration test .  Therefore, the C-1 quadredundant valve engine 
was not subjected to this  type of testing. 
and tes t  program described in  Thiokol-RMD Final Technical Report 6203-Fl 
has been initiated by Moog to resolve this valve deficiency. 
and demonstration tes t  t e s t  program consists basically of: 

The timing of this specification 

However, an extensive redesign 

The valve redesign 

Vibration testing to define failure mode and problem a r e a  in  
valve. 

Valve redesign to eliminate the failure. 

Proof of principle tes t  of one sample. 

Demonstration testing of five modified valves at the qualification 
vibration t e s t  levels. 

The resu l t s  of this testing will be issued as  an addendum to Thiokol-RMD 
Report 6203-Q1. 

The requirements  of the CEI were sat isfactor i ly  demonstrated in  this  
qualification t e s t  p rogram o r  as  a par t  of the development testing. 
1.0 -11 summar izes  the significant environmental conditions and also identifies 
the type of t e s t s  conducted during the development and the qualification pro-  
gram. 
RMD .Report 6203-F1. 
cussed briefly in  the subsequent sections of th i s  report .  
discussion of these resu l t s  i s  contain.ed in Appendices of Volume 11. 
summary  of the appendix matter contained in  Volume I1 is  presented in Table 
1. 0-111. 

Table 

The resu l t s  of the development t e s t  p rogram are discussed in  Thiokol- 
The resu l t s  of the qualification test program a r e  dis-  

A m o r e  detailed 
A tabular  
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DENVILLE, NEW JERSEY 

TABLE 1.0-11 

QUADREDUNDANT VALVE CONFORMANCE TO 

CEI SPECIFICATION 15 166 REQUIREMENTS 

TEST (l) PURPOSE No. of No. of 
Samples  Tes ted  Samples  Tes ted  

Development Qualification 

2 1 Coil Tempera tu re  (3.1.2.2.2.1) Demonstrate Coil Tempera tu re  
< 500F during MSDC 

Operating (3.2.2.1 & 3.2.3.1.2 Determine Valve Pe r fo rmance  over Rated 3 
& 3.2. 3.1.3)' and Operating Range of Voltage, P r e s s u r e  

and Temperature 

Vibration (3.1.2.5. 3.1.2 & 
3.1.2.5.3.2) 

Verify Design Integrity 3 2 

Elec t r ica l  In te r fe rence  Verify Design Integrity 
(3. 3.1.4.1.14) 

1 

Acceleration (3.1.2. 5.3.1. 3 & 
3.1.2. 5. 3.2. 2) 

Verify Design Integrity I 

Sand and Dust (3.1.2.5.2.6) Verify Design Integrity 1 

Shock (3.1. 2. 5. 3.2. 3) Verify Design Integrity - -  

Salt Spray (3.1.2.5.2.5) Verify Design Integrity 1 

Handling Shock (3.1.2. 5.1. 3) Verify Design Integrity - -  

P r e s s u r e  Spike (3.1.1.5) Verify Design Integrity 1 

Vacuum (3.1.2.5.3.2.5) Demonstrate Valve Life - -  

Cycle Li fe  (3.1.2. 2.2.1) Demonstrate Valve Life in  excess  of 3 
10,000 cyc les  

I 7;); !Isnt Compatibility Verify Design Integrity 1 
(3.2.3.1) 

Burs t  (3.3.1.2.1) Demonstrate Burst P r e s s u r e  in excess  
of 1150 psig 

2 1 

Engine F i r ings  (3.1.2.2.1.1) Demonstrate Valve Life i n  excess  of 4 
10.000 cycles 

- -  

(1) Pa rag raph  r e fe renced  f r o m  CEI Specification 15166 I 
I 
I 
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QUALIFICATION TEST PROGRAM 

The quadredundant valve qualification tes t  p rogram was conducted using 
seven (7) tes t  specimens. Each of the specimens was subjected to a se r i e s  
of t e s t s  as shown in Table 1.0-1 ( P a r t  11). 
report  will discuss each t e s t  and briefly recap the tes t  results.  Reference 
should be made to Table 1.0-111 ( P a r t  I) for supporting appendix mat te r .  
applicable paragraph of Specification EC 20518 is also parenthetically noted 
following each tes t  heading. 

The subsequent sections of this 

The 

ACCEPTANCE (4 .5)  

Each tes t  specimen was acceptance tested p r io r  to being subjected to 
the qualification tests. These t e s t s  were  conducted to a s su re  that 
performance and operational character is t ics  of the valves were  in 
compliavce with the design requirements of Contract End Item Detail 
Specification C P  15166. The tes t s  comprised the following: 

Examination of Product  - to insure  conformance of each 
valve with the applicable drawings. 

Proof P r e s s u r e  - to insure s t ructural  integrity of valve. 

Electr ical  Resistance - to insure coil and insulation 
electr ical  res is tances  comply with design requirements.  

Dielectric Strength - to demonstrate the electr ical  integrity 
of the electr ical  c i rcui t  from the connector to the valve case. 

Response - to demonstrate that opening and closing t imes 
comply with de sign requirements.  

Functional - to demonstrate operation of the valve a t  mini-  
mum emergence voltage. 

Flow - to insure  compliance w.ith design p res su re  drop 
r e  qui r emen t s . 
External Leakage - to insure weld integrity of the valve. 

Internal Leakage - to insure sea t  integrity of the valve. 

Reverse  Leakage - to insure s e a t  integrity in  the reverse  
direction to permi t  system vacuum loading. 

- 39 - 
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The resu l t s  of the acceptance tes t s  a r e  summarized in Table 2. 1-1. 
A l l  tes t  specimens successfully passed the requirements of this test .  
Fu r the r  discussion is contained in Appendix S, Volume 11. 

2 . 2  TEMPERATURE EXTREMES (4.7.17) 

The purpose of this tes t  i s  to demonstrate  valve performance at the 
combined m o s t  severe operating conditions. The following c r i t e r i a  
were established for  this ser ies  of tes t s  which were conducted at 
maximum ( t180F)  and minimum ( t 1 2 F )  ambient temperatures .  

Response at the maximum rated p res su re  (212 psig)  
with the minimum rated voltage of 22 vdc. Testing at 
t180F u s e s  "hot amps" which simulates a condition of 
valve operation at minimum rated voltage immediately 
a f te r  a thermal  soak due to a 500 second "on" time at 
the nominal rated voltage (26 vdc). The value of "hot 
amps" i s  determined for  each coil by energizing the .  
coils individually with 26 vdc for  500 seconds. 
voltage is  then reduced to 22 vdc and the coil cu r ren t  
m e  a sured. 

The 

Operation (pull-in) a t  the maximum operating p r e s  su re  
(325 psig)  with the minimum operating voltage (20 vdc). 

Ope ration (drop -out) at the minimum ope rating p r e s  s u r e  
(166 psig)  with the drop-out voltage (1 vdc). 

The resu l t s  of the temperature tes t s  a r e  summarized in  Table 2.2-1. 
Tes t  specimen S /N  129 successfully passed  the requirements  of this  
test. Fu r the r  discussion i s  contained in Appendix L, Part 11, 
Volume 11. 

2 . 3  NON-OPERATING VIBRATION (4.7. 18. 1)  

The purpose of this tes t  i s  to demonstrate  valve capabili t ies under a 
launch vehicle boost vibration environment. 
per formed d ry  and unpressurized on valve S / N ' s  129 and 130 ( a s s e m -  
bled as p a r t  of C-1 Engine Assembly (S /N ' s  765 and 760 respect ively) .  
The vibration requirements a r e  indicated in Figure 2. 3-1 and include 
sinusoidal and random spectrums.  
the valve attached to the engine to ensu re  that the valve was exposed 
to actual  vibration including engine amplification (See F igure  2. 3-2). 

Vibration testing was  

Testing was accomplished with 
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Test  

Coil Resistance 

Dielectric Strength 

Insulation Resistance 

Pres sure  Drop 

Pull-In Voltage 

Drop -Out Voltage 

Opening Response 

Closing Re sponse 

Internal Leakage 

External Leakage 

R e qui r emen t 

ACCl 

123 

23 - t 1.7 o h m s  each coil 

Coils to Body 
50/1 - ~ m a x *  co i l s  to Conn. 

Coils to Body 
Coils to Conn. 
Coil to Coil 

> 100 megohms 

11 psid max. Fuel 
14 psid max. Oxidize r 

5 20 vdc 

> 1.0 vdc 

5 14 m s e c  

S l O m s e c  . 

< 5 c c / h r  p e r  seat* 

5 sccps He 

22.8 
to 

23. 0 

40 
2 

35,oo 
28,OO 
30,OO 

9.0 
9.9 

16. 3 

1. 60 

8.7 

9 . 1  

3.0 

2. 51 x 

* Data values a r e  for  two paral le l  valves. Testing was  accomplished to d 

FOIdDOUT lmAJdJ3 I 
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TABLE 2.1-1 

'TANCE TEST DATA 

126 - 125 - 
22.1 22 .1  

to to 
22. 8 22.7 

30 34 
30 8 

40,000 20,000 
8,600 8,600 
7,200 7,200 

9. 15 10.1 
11.95 11.8 

14. 8 14. 9 

1.20 1.7 

8.0 8.2 

8. 5 7.2 

2.5 0 

Specimen S / N  
127 

22 .1  
to 

22 .3  

29 
1 

20,000 
8,600 
6,800 

9.75 
11.4 

14. 6 

1 . 5  

8. 5 

7. 8 

4. 0 

1-0 5 .1  10-7 4.4 10-7 3.82 10-7 

€e rent  specification revisions. 

128 

22.22 
to 

22 .34  

33 
5 

- 

20,000 
8,600 
7,000 

10.0 
12.0 

14. 0 

1. 05 

8. 5 

7.0 

1.5 

4.65 10-7 

129 130 

21.9 
to 

22.3 

42 
1 

4, 500 
10,000 
10,000 

10.2 
13. 7 

15. 3 

1.6 

8. 5 

7.5 

4. 5 

3.6 x 

22.2 
to 

22.7 

34 
1 

9,000 
13,000 
11,000 

9.4 
12.0 

15. 8 

1.1 

9.5 

9.0 

4.25 

3.3 x 10-6 
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. .  

Figure 2.3-2. Quadredundant Valve Mounted in Valve-Engine Vibration Fixture  
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2 .4  

2 .5  

Interaxis performance testing, shown in Table 2. 3-1, was conducted a t  
the completion of each sinusoidal random vibration axes. 
tes t  resul ts  were  satisfactory for  interaxis testing. Valve sea t  leakage 
remained a t  ze ro  until completion of C axis random vibration ( las t  
tes t )  ( re fer  to the memorandums in Appendix P ,  P a r t s  I11 and IV). 
Further  discussion i s  contained in Appendix P, P a r t s  I and 11, 
Volume 11. 
being conducted to provide a satisfactory component. Fur ther  discus-  
sion contained in Thiokol-RMD Final Report  6203-F1 has  thus f a r  
revealed the failure to be the resul t  of f lapper-to-seat relative motion, 
i. e . ,  scuffing o r  shredding of the seat. 
in  excessive seat  wear  but pr imari ly  causes the generation of par t ic les  
o r  f ibers ,  which in  turn in te r fe re  with reliable sealing. 

Functional 

A redesign and demonstration tes t  p rog ram i s  current ly  

The motion not only resul ts  

OPERATING VIBRATION (4.7. 18.2) 

The purpose of this tes t  i s  to demonstrate  valve capabilities under a 
spacecraf t  vibration environment. Vibration testing was per formed 
wet and pressur ized  on valve S / N ' s  129 and 130, assembled  a s  p a r t  
of a C-1 Engine assembly  (S/N's  765 and 760, respectively). 
vibration requirements  a r e  indicated in Figure 2.4-1 and include 
sinusoidal and random spectrums. 
the valve attached to the engine to ensure that the valve was exposed 
to actual vibration including engine amplification. Although the t e s t  
specimens entered this t e s t  with excessive sea t  leakage result ing 
f r o m  p r io r  non-operating vibration testing, there  was no sea t  leakage 
a t  the completion of operating vibration testing on ei ther  specimen. 
The resul ts  of interaxis  performance tes t s  a r e  presented in Table 
2.4-1. It should be noted that valve S / N  131 on engine S /N 766 
incurred no sea t  leakage during identical engine qualification operating 
vibration testing. 
operating vibration. 
passed  the requirements  of this test .  
in Appendix Q, P a r t s  I and 11, Volume 11. 

The 

Testing was accomplished with 

Engine S/N 766 had not previously undergone non- 
Valve specimens S / N ' s  129 and 130 successfully 

Fur the r  discussion is contained 

ACCELERATION (4.7.19) 

The purpose of this t e s t  i s  to demonstrate  valve capabilities under 
both launch vehicle boost and spacecraf t  operating environments.  
Acceleration testing was  performed on valve S/N 123, assembled  
a s  pa r t  of C-1 Engine Assembly (S/N 760). The engine assembly  
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Ja lve  
Seat 
No. 

1 

A x i s  Vib. Type 
Test Seq. 

Press. (ps ig )  

:ES 76 

'alve 
Seat 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

- Valve  S / N  130 

Axis  Vib. Type 
Te s t Seq. 

Press. (ps ig )  

NON-OPERA TING VIBRA T 

Sinusoidal 

5 0  

Nc 

3 2  5 

Random 

5 0  

Na .e N 

Sinusoidal 
1 

None I None 

A 
R andon 

2 
5 0  

Nc 

, 

* T e s t  results after reverse seat l e a k a g e  test, pr i  

- 
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i 1 TABLE 2.3-1 

32 5 

ION INTERAXIS LEAKAGE TEST RESULTS 

50 7 325 

7&k& 
REACTION MOTORS DIVISION 

3 
I 

1 Leakage ( cc /h r )  at Completion of 

Sinu so ida 1 
3 

I 
I 

12 5 
t 
one 

I 

i 
I 
I 

Sinusoidal 

50 

None 

325 

B C 
Random I Sinusoidal Random 

No e 

1 

50 

None 

I 

! 
i 

I 

50 

0 

0 

0 

102 

456 

444 

72 0 

756 

325 

Leakage ( c c / h r )  at Completion of 
B C i 

Random Sinusoidal 

32 5 50 

None None 

I 

~ 

I 

I 

I i 
\ ! 
! ! 

I 

1 

32 5 

None 

i 
I 
i 
I 
i 
i 

Random* 

50 

18,000 

228 

90 

162 

0 

0 

660 

1,200 

*325 

1,260 

0 

9 0  

0 

0 

0 

3,000 

210 

o r  to reverse  sea t  tes t ,  forward leakage was zero. 
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OPERATING VIBRA TI01 

RES 765 - Valve 

Valve Seat 
No. 

1 

3 

4 

5 

6 

7 

8 

; / N  129 

Axis Vib. Type 
Test Seq. Press. 

(p5i4 

{ES 760 - Valve S / N  130 

Sinu s o i d 

50 

Nc 

(Refer to Figure 3.4-1 f o r  leakage results pr ior  to Opci 1 



TABLE 2.4-1 

INTERAXIS LEAKAGE TEST RESULTS 

I A  
r.1 & Random 

3 
32 5 

None 

NI 

B 
Sinusoidal & Random 

50 

0 

0 

90 

504 

36 

12 

0 

0 

48 - 

None 

1 

:rating Vibration) 

2 
325 

180 

0 

144 

2 40 

0 

0 

0 

0 

Nc e 

C 
Sinusoidal & Random 

1 
50 

5 

8 

524 

9000 

90 

24 

22 

20 

N( .e 

32 5 

14 

2 I 

I 150 

REACTION MOTORS ~- DIVISION 

42 0 

5 

0 

4 

0 

No 4 
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2. 6 

1 2 . 7  

was mounted in a fixture simulating i t s  normal  mounting configuration 
and mounted on the end of the rotating a r m  in a centrifugal testing 
machine. Testing was accomplished a t  the following levels  : 

Pressur ized ,  Non-operating, 20 g ' s  fo r  6 minutes.  

Pressur ized ,  Operating, 2 0  g ' s  f o r  2 minutes .  

Testing was performed in  each direction in each of th ree  mutually 
perpendicular axes. 
mar ized  i.n Table 2. 5-1. 
the requirements  of this test. 
Appendix 0, Volume 11. 

The results of the acceleration tes t s  a r e  sum- 
Tes t  specimen S / N  123 successful ly  passed  

Fur ther  discussion is contained in 

SHOCK (4.7.20) 

The purpose of this tes t  i s  to demonstrate valve capabili t ies under 
launch vehicle stage separation. Shock testing was performed on 
valve S /N  128, assembled as part of C-1 Engine assembly (S/N 760). 
The engine assembly was  mounted in a fixture and secured to the 
platform of a shock machine.  It was subjected to twenty "g" peaks,  
half sine wave shock pulses  of ten mill iseconds duration. 
were  applied three t imes in both direct ions in each of th ree  axes  f o r  
a total of eighteen shock impacts. 
a r e  summarized in Table 2. 6-1. 
successfully passed the requirements of this tes t ,  
is contained in  Appendix R ,  Volume 11. 

The shocks 

The resul ts  of the shock tes t s  
Tes t  specimen valve S / N  128 

F u r t h e r  discussion 

'HANDLING SHOCK (4.7.21) 

The purpose of this test  i s  to demonstrate valve capabili t ies under 
no rma l  handling abuse p r i o r  to being assembled to an  engine. The 
handling shock tes t s  (four 45 degree edge drops  and one one-inch drop 
on each valve face on a solid hardwood bench top) was per formed on 
valve S / N  127. 
in  Table 2.7-1. 
requirements  of this test. 
L, P a r t  11, Volume 11. 

The resu l t s  of the handling shock tes t  a r e  summarized 
Tes t  specimen S / N  127 successfully passed the 

Fur ther  discussion i s  contained in Appendix 

I 
I 
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5 vdc 3.6 1. 6 3.5 1.2 3.7 1.8 
ma 84 32 80 25 80 39 

vdc 6. 1 1.4 6.2 1 .0  6. 5 1.6 
m a  142 30 140 22 140 28 

vdc 6.4 1. 8 6. 7 1.5 6. 0 1.5 
ma 148 40 142 30 138 40 

vdc 4.2 1.9 3.6 1.5 4.5 1.7 
8 ma 105 40 142 60 100 40 

TABLE 2 . 6 - 1 .  

SHOCK TEST 

/ 

7&!& 
REACTION MOTORS DIV IS ION 

After Completion Of A x i s  

A B C 

1 Test Requirement 

Functional Coil Pull-In Drop-Out Pull-In Drop-Out Pull-In Drop-Out 

1 vdc 4. 5 2.4 4. 1 2.2 4. 9 2 .4  
m a  100 50 125 60 120 62 

vdc 4.7 2.3 4.7 1. 8 4.6 2.5 1 
m a  160 70 112 60 172 76 

vdc 5 .0  3.0 5.2 2. 8 4.7 3.7 
m a  2 10 120 210 110 200 126 

vdc 4.1 2 . 2  4.0 1. 8 4. 5 2.5 
m a  100 50 120 50 98 55 4 

Internal zoo ,.=/hr Fuel  None 
Leakage Oxidize r None 

None 
None I None 

None 

External 
Leakage (RMD Spec 7717)* None None 

I 

* Before and after completing shock tests 
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2.8 R LIFE TEST (4.7.22) 

The purpose of this tes t  is to demonstrate the valve capability in  
excess  of the Contract End Item Detail Specification C P  15166 
requirement  of 10, 000 cycles. The tes t  was  conducted a t  the m a x i -  
mum operating p res su re  (325 psig)  by cycling the valve on and off a t  
10 cps. 
cycling was continued to failure. 
including response and leakage were  measu red  every 1 0 , 0 0 0  cycles. 
The resul ts  of the interval performance tes t s  a r e  shown in Table 2.8-1. 

In lieu of testing only to the life requirement  of 10, 000 cycles,  
Valve performance p a r a m e t e r s  

Tes t  specimen S / N  126 incurred a failure of the number three  flexure 
sleeve a t  43, 680 cycles, cycling was continued until the number pne 
flexure sleeve failed a t  53, 955 cycles. 

2 . 9  

Both number four and number five flexure sleeves fa i led  a t  77, 154 
cycles  on tes t  specimen S/N 127. 
and 127 successfully passed  the requirements  of this test. 
discussion is contained in Appendix L, P a r t  11, Volume 11. 

The two specimens,  S / N ' s  126 
Fur the r  

PROPELLANT COMPATIBILITY 

1 2 . 9 . 1  FUEL COMPATIBILITY (4.7.24.1) 

I 2.9.2 

I 
1 
I 
I 

This t e s t  was  conducted to assure  valve compatibility with liquid fuel. 
The valve was subjected to a spray  of liquid fuel maintained a t  +160F 
until  all surfaces  were  wet and then allowed to air dry  for  24 hours  at 
80F and ambient humidity. The tes t  specimen, S / N  128 successfully 
passed  the requirements  of this test. Fur ther  discussion is contained 
in Appendix N, P a r t  11, Volume 11. 

OXIDIZER COMPATIBILITY (4.7.24.2) 

This  t e s t  was conducted to assure  valve compatibility with liquid and 
gaseous oxidizer. The t e s t s  comprised the following: 

65F liquid oxidizer spray followed by 24 hours  a i r  dry. 

One hour exposure to oxidizer vapor followed by 24 
hours  a i r  dry.  

Although both coil and insulation resis tance were  unaffected by this 
t e s t  there  w a s  some react ionof  the P R  1538 epoxy (Product  Resea rch  
Corporation) used to pot the diode in the torque m o t o r  cover  cavity. 
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The reaction was character ized b y  a softening and bubbling at the surface 
(approximately upper 1/8 in. ) of the potting mater ia l .  
no performance degradation, the problem in  this case  is  one p r imar i ly  of 
appearance.  To improve the appearance and to avoid any possible effects  
due to extended propellant exposure, the P / N  317013-600 valves will be 
fabricated using Sytcast 265 1 (Emerson Cummings) as  the potting ma te r i a l  
for the diode cavity. This material  i s  now used  to pot the lead wire  e g r e s s  
f rom each torque motor  and can withstand the propellant exposures  without 
softening. The tes t  specimen, S / N  128 successfully passed the requi rements  
of this tes t .  Fur ther  discussion is contained in Appendix N, Part 11, Vol- 
ume 11. 

Since there  was 

VACUUM (4.7.23)  

These t e s t s  were  conducted to assure  valve electr ical  capabili t ies under  
a vacuum environment. Valve test specimen, S / N  130, af ter  completion 
of vibration, non-operating, operating and shock was reacceptance tes ted 
p r io r  to  being subjected to the vacuum tes t  ( r e f e r  to Appendix S ) .  
was installed in the vacuum chamber and subjected to 336 hours  at a maxi-  
mum p r e s s u r e  of 
p r e s s u r e ,  at  five-day intervals ,  and during the last hour at altitude, the 
valve was subjected to the following tes t  sequence. 
was energized by slowly increasing the voltage f rom 0 to  30 vdc. 
vdc was maintained for five minutes and then decreased  slowly until  the 
valve closed. 
were  recorded.  
was var ied f r o m  20 to  30 vdc. 
the valve was subjected to the insulation r e s i s t ance  tes t .  
pull-in and drop-out voltage t e s t  and the insulation r e s i s t ance  t e s t  a r e  in- 
cluded in  Table 2.10-1. 
600 vac dielectr ic  strength tes t .  
shorted completely. In view of the lack of t ime  remaining in  the C-1 Engine 
P r o g r a m ,  the resolution of this  design deficiency will be accomplished dur -  
ing the redesign and demonstration program noted in Section 1.0, P a r t  I1 of 
this repor t  which was initiated to improve the vibrational capability of the 
quadredundant valve. Fu r the r  discussion is contained in Appendix L, Part 
11, Volume 11. 

The valve 

P r io r  to and short ly  a f t e r  reducing chamber  m m  Hg. 

Each coil  of the valve 
The 30 

The energizing (pull-in) and de-energizing (drop-out)  voltages 
The valve was  then cycled 100 t imes  while the coil  voltage 

While the coi ls  were still hot f rom cycling, 
The values  for  the 

During the last hour at altitude the valve filed the 
One coil intermit tent ly  a r c e d  and four 
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TABLE 2. 10-1 

VACUUM TEST DATA 

Model 50-304 
Serial No. 130 

Short at 500 v 5.64 . 2 3  
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4.21 . 1 7  
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7.25 . 3 0  

3.95 . 1 6  

3.12 

3.94 

2 . 9 8  

2.24 

1.78 

2.46 

2.07 

. 09  

. 1 2  

. 0 9  

. 0 6  

. 0 5  

. 0 7  

. 0 6  

FOLDOUT l?Rujg 3 

56 - - 
Final Report RMD 6203-Q2 



7&k& 
R E A C T I O N  M O T O R S  D I V I S I O N  

2 . 1 1  

I -  
I 
I 
I 
I 
I 
I 
I 2 .12  

2. 13 

ELECTRICAL INTERFERENCE (4.7.13) 

Test  specimen S /N  128 was subjected to e lectr ical  interference testing 
in accordance with MIL-I-6181D. 
mine the following: 

These tes t s  were  conducted to de te r -  

the magnitude of radiated interference emanating f r o m  
the valve during actuation 

valve susceptibility to radiated interference 

valve susceptibility to conducted interference 

Radiated interference did not exceed M I L - I - ~ ~ ~ ~ D  requirements.  
There  was no evidence of valve susceptibility to e i ther  radiated o r  
conducted interference.  
m e n t s  of this test .  Fur ther  discussion i s  contained in Appendix M, 
Volume 11. 

The valve successfully passed  the requi re -  

FINAL PERFORMANCE (4.5.2) 

F o u r  valve specimens were  scheduled fo r  final per formance  testing. 
However, S/N 126 suffered a broken flexure tube a f te r  43, 680 cycles . 
and S / N  130 failed the dielectric strength test. Only two valve speci-  
m e n s ,  S / N  127 and 129, w e r e  actually subjected to the final pe r fo r -  
mance  t e s t  which was  a repeat  of the original acceptance tes t s  a s  
descr ibed in Section 2.0 of this report .  
requirements  before and af ter  the Qualification Test  P rogram.  
per formance  (Pos t  Qualification) and init ial  per formance  ( P r e -  
Qualification) t e s t  data together with fur ther  discussion i s  contained 
in  Appendix L, P a r t  11, Volume 11. 

Both specimens m e t  all 
Final 

BURST (4.7. 15) 

These  t e s t s  w e r e  conducted to assure  valve compliance with the 
de sign requirements  of Contract End I tem Detail Specification 
C P  15166. The valve specimen, S / N  125, withstood the b u r s t  
p r e s s u r e  (1150 psig)  for  two minutes, therefore  successfully passing 
the requi rements  of this test .  
unti l  the specimen failed. 
at 8800 psig. 
any of the weld joints when subjected to the 8800 psig p r e s s u r e .  
discussion is contained in  Appendix L, P a r t  11, Volume 11. 

The p r e s s u r e  was then slowly increased 
Failure of the No. 8 flexure sleeve occurred  

The valve body evidenced no deformation o r  leakage a t  
Fu r the r  
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